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ABSTRACT A complete system of budget share equations for U.S. food con- 
sumption was estimated using alternative specifications of the 
Almost Ideal Demand System (AIDS) and four food groups. The 
specifications accounted for habits, through a systematic change 
in one of the parameters, and first-order autocorrelation. The 
theoretical structure of the AIDS enabled the utility maximiza- 
tion framework to remain intact, satisfied the theoretical 
properties pertaining to demand systems, and provided a way to 
ascertain the amount that habits affected current consumption. 
Likelihood ratio tests indicated that both habits and autocorre- 
lation were present. 
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INTRODUCTION 


THE ALMOST IDEAL 
DEMAND SYSTEM 


A recent contributiun to the estimation of complete systems of 
consumer demand equations has been the introduction of the 
Almost Ideal Demand System (AIDS) by Deaton and Muellbauer 
(1980a, 1980b). These authors maintain that the AIDS preserves 
the generality of the Rotterdam model (Theil, 1965, 1976; Barten) 
and the translog model (Christensen et. al., 1975a; Jorgenson 

et. al.) yet is considerably better for the following reasons: 


“The AIDS gives ar arbitrary first-order approximation 

to any demand system; It satisfies the axioms of choice 
exactly; it aggregates perfectly over consumers without 
invoking parallel linear Engel curves; it has a functional 
form which is consistent with known household budget data; 
it is simple to estimate, largely avoiding the need for 
nonlinear estimation; and it can be used to test the 
restrictions of homogeneity and symmetry through linear 


restrictions on fixed parameters" (p. 312, Deaton and 
Muellbauer, 1980a). 


Deaton and Muellbauer discuss the theoretical specifications of 
the AIDS, estimate the model for postwar British data, and test 
the homogeneity and symmetry restrictions. They find that “the 


imposition of homogeneity generates positive serial correlation 
in the errors" and feel that the “standard rejection of homogen- 


eity in demand analysis may be due to insufficient attention to 
the dynamic aspects of consumer behavior.” 


This report presents full information maximum likelihood (FIML) 
estimates of the AIDS for the static case and for the case 
incorporating habits under the alternative assumptions of auto- 
correlation and no autocorrelation. The FIML estimates of the 
AIDS parameters are based on annual U.S. consumption of four 
major categories of food for the 1948-78 period. Civilian 
consumer expenditure data for domestic farm food products are 
adjusted and aggregated into four categories: meats, fruits and 


vegetables, cereals and bakery products, and miscellaneous foods. 


In this demand system, consumer's preferences are represented 
by the following cost function: (1) 


B 
a * k 
log C(u,p) = a, + aka? Py + 1/2 akin e Py log Ps + uB Ip, 


where a,, Be and ee are the parameters, p is price, and u is 

a specified utility level. Hotelling's theorem 1/ applied to a 
cost function results in quantities demanded. Applying this 
theorem and converting to elasticity form yields: 


~T/” Hotelling's theorem states: if the cost function is con- 
tinuous, differentiable, and satisfies the preference ordering 
axioms, then the derivative of the cost function with respect 
to prices results in the optimal (Hicksian) quantity-demand 
function: 

dC(u,p)/op, = qy(u,p) = ay. 


This is a fundamental property of the cost function. 


Pp pq, (u,p) 


dlog C(u,p) = 9C(u,p) , Togs ee Saws \u,p) o 0912) 
dlog py Opy C(u, p) C(u,p) 


Since total cost, C(u,p), is the same as total expenditure, Y, 
then the cost elasticity is equivalent to the budget share of 
commodity i, wy, in terms of utility and prices. Equation (2) 
is, then, a compensated budget share equation. 


Equivalently, converting equation (1) results in: 


B 
w, (u, p) Sa itt P + me Pk k Cy 


where Vu4 = iOS And, through a straightforward 
inversié of the ay pete ce the indirect utility function 
in terms of prices and income can be determined. Inversion of 
log C(u,p) = log Y results in the indirect utility function: 


log Y - a, - ta, log Pea TZ LEY, Log Pr log Pj 
ugeaV (pat): mie eat ek a ok | ee 
Bk 
k 


Substituting equation (3) into equation (2') results in the 
ordinary budget share equation in terms of prices and income 


w4(p,Y) = ay + Lyyylog py + By(log Y - 4 - Yolog px, 
j k 


z (4) 
- 1/2 gadis SE P;, log P;) 


Hereafter, equation (4) is referred to as the AIDS. Deaton and 
Muellbauer define 


i * 
log P= a, + Za log p, + 1/2 Zzy,,log p, log p 
oa Kj ik J (5) 


so that P is a price index. Thus, equation (4) reduces to a 
more manageable form: 


w4(p,Y) = ay + yas log ps + By log(¥/P) (6) 


If P is known, then equation (6) is linear in the parameters, a, 
Y, and B, and estimation can be done by ordinary least squares 
(OLS). This equation is derived from the maximization procedure 
with P unknown, and then assumed to be known for estimation pur- 
poses. It is not directly derived from the maximization proce- 
dure but assumes that “demands are continuous functions of the 
budget and of prices" (Deaton and Muellbauer, 1980a, p. 315). 


From the simplified form (equation (6)), one can see that the a 
parameter acts as an intercept. In the absence of changes in 


relative prices and real expenditure, a; is the average amount 

of the i-th budget share. The Yij Parameter measures the change 
in the i-th budget share corresponding to a percentage change in 
P; holding all other variables, in this case (Y/P) or real expend- 
iture, constant. Similarly, 8; measures the change in the i-th 
budget share corresponding to a percentage change in real expendi- 
ture (Y/P). If 8; is negative, the i-th budget share decreases 
with the percentage change in real expenditure. Similarly, if By 
is positive, the i-th budget share increases with the percentage 
change in real expenditure. In this latter case, B; determines 
that the i-th commodity is a luxury item. In the former case, By 
is negative for necessities, 


Following Deaton and Muellbauer, Stone's (1953) index, log P*¥ = 
Lw,log py was utilized, where P ~ ¢P* is an approximation for P, 


and OLS estimation was applied (Deaton and Muellbauer, 1980a, 
p. 314). Equation (6) becomes: 


w,(p,Y) = ay + we log P; +e log(Y/P*) (6') 


where a =a, - Be log > and is referred to as the linear 
approximate AIDS. 


The interpretation of the coefficients in equation (4) is not 
as straightforward. Here, 8; is the change in the i-th budget 
share corresponding to a percentage change in expenditure (not 
real expenditure) with all other prices held constant and a; is 
the average budget share when the logarithm of all prices and 
expenditure is zero. 2/ However, the change in the i-th budget 
share corresponding to a percentage change in the price of the 
i-th good (holding expenditure constant) is Yij 7 By 4 - 
By2Yj, log Pk ~~ not solely Yyj. Thus, Yy; and oj are more 

k 


difficult to estimate in the AIDS than in the linear approximate 
AIDS. 


The expenditure, own-price, and cross-price elasticity formulas, 
respectively, for the linear approximate AIDS are: 


ny = 1 + By/wy, (7) 
€4, = Yai/wy - 1, (8) 
and 4; = Y43/W4 (for i#j). (9) 


The expenditure, own-price, and cross-price elasticity formulas, 
respectively, for the AIDS are 


i ee By/wy4, (10) 


eq, =e Yip— By Coy + EN Pad] /wy - 1, (11) 


%7 The logarithm of price is zero in the base year. 


and 1) = [¥45 c= By ( Oy + else PL) 1] /wy (for i#j). (12) 


Imposition of the demand properties results in restrictions on 

the parameters of the AIDS. For the adding-up property ( %w4=1) 

to hold, a, y, and 8 are restricted so that Yoy = 1, UBy = 0 

and Lyi; = 0. Homogeneity is imposed by restricting tYi5 = OF 
1 ; 


J 
Finally, Slutsky symmetry holds if Vqhe Says 1 is enforced. 


The major limitation of this approach for estimating demand 
systems is the number of structural parameters that must be 
estimated. The number of unrestricted, unknown structural param- 
eters in equation (4) is 2n + n* (n a's, n 8's, andn Y,4'S)- 
However, homogeneity provides n restrictions; symmetry provides 
n(n-1)/2; and adding-up provides two. 3/ These restrictions 
total to (n2 + n+ 4)/2 leaving (n2 + 3n - 4)/2 unknown struc- 
tural parameters to be estimated. Thus, even with the restric- 
tions imposed, if there are 4 commodities, one needs to estimate 
12 parameters; for 8 commodities, 42 parameters; and, for 12 
commodities, 88 parameters. So, for progressively more refined 
commodity groupings, the number of parameters to be estimated is 
greatly increased and may result in serious estimation problems. 


Habits are introduced utilizing the Manser (1976) specification 
which states that "any utility function can be extended to allow 
for habit formation simply by specifying that certain of the 
parameters depend on past consumption" (p. 880, Manser, 1976). 
Thus, we assume that o;, a parameter in both the cost and 
indirect utility functions, depends linearly on previous con- 
sumption levels: 


Of = ay + dqqit-l1 (for =p jap) O15) 


where d,; is the habit parameter and qy4, is the quantity of the 
i-th commodity consumed in the previous period. Here, the new 
average budget share is a certain linear relationship of the 
quantity consumed in the immediately preceding period, rather 
than a constant value as in the AIDS. This habit scheme is a 
myopic view of decisionmaking in that the consumer is assumed 

to not look to the future when making present decisions -- a 
reasonable assumption for food purchase decisions. 


Utilizing equation (13), the budget share equation for the AIDS 
incorporating this habit concept (AIDHFS) is: 


wi(p,Y) = ay + dyqit-1 + ras log pj + By {log Y- a 


(14) 
* 
= ree ue di dy p- 108 i 12 eles Px, log P; | . 


a7, The third adding-up restriction (2Yq5 = 0) by the 
i 
combination of the homogeneity and Slutsky symmetry restrictions 
makes one restriction redundant. That is, 2Y45 = X54 = LY45- 
i i 
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ESTIMATION METHODS 


Only one alteration in the parameter restrictions occurs. Now 
the adding-up property Za; = 1 is replaced by 3a, + diqdit-1) = 1 
to assure that budget shares sum to one. If dy; = 0, the AIDHFS 
reduces to the static AIDS. 


The linear approximate form of the AIDHFS is: 


* a 
wy(p,Y) = ay + dsdgp-y + ps log p; + By log (Y/P*) .(14') 


Because factors other than price and income influence consumer 
demand and have not been explicitly introduced into these demand 
equations and since random errors occur in the data, structural 
disturbance terms are assumed to enter additively into equations 
explaining budget shares. This is done to account for any errors 
of omission and to aid in empirical implementation. Equation (4) 
for the t-th observation is written in the form: 


Wit = as + etter: Pjt ate By(log Yet ra oe) aad Loy log Pkt 
k 


“3 G15) 
- 1/2 ee Pet log P5y) + ey, 
Equation (14), the habit formation model, similarly, is: 
Wit = aj + didi tel aL Yq 510g Pit et B; {log Ye - Ay 
j (16) 


Lek 
= rk + di I p-1 108 Pie 1/2 gk log p,, log Pyth + espe 


The error vector, et, is assumed to be characterized by a zero 
mean, is temporally uncorrelated, and has a contemporaneoys 
variance-covariance matrix, 8% That is, E(e,) = 0; E(e,x,) = 0; 
and E(e,e ) = Fs 2, where 6 r is the Kronecker delta. 

Because oF the addi aeene Ceitecion summing e;, over i gives the 
restriction le = 0. Also, since E(e,) = 0 and E(e,e,) = °6,,2; 


the contemporaneous variance-covariance matrix 2 is singular. 
This singularity of 2 must be considered in estimating the 
demand equations. This is typically handled by arbitrarily 
deleting the Nth equation in the system. 4/ The estimates will 
not depend on which equation is omitted when autocorrelation is 
not present. The resulting subsystem of N-1 equations has a 
positive definite variance-covariance matrix. The parameter 
estimates of the Nth expenditure equation as well as the full 
covariance estimator 2 are then obtained by applying the Engel 
aggregation conditions. Alternatively, the full system of N 
equations could have been estimated using a generalized inverse 
for the singular covariance matrix. 5/ The former procedure 
was used in AIDS and AIDHFS estimations. 


4/ For more information, see Barten (1969) and Berndt and 


Savin (1975). 
5/ See Theil (1971). Initial parameter estimates for the FIML 


procedure were obtained from OLS results. 
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THE DATA AND 
COMMODITY GROUPINGS 


However, if first-order autocorrelated disturbances are present, 
that is, if: 


Qc = Per1 +t Vt (17) 


where the ey are considered as realizations of a first-order 
Markovian process, the residuals vy are uncorrelated and homo- 
scedastic, and p is the autocorrelation coefficient, then the 
variables in the system must be replaced by their first-order 
transforms. But, the ep must be the same for each equation and 
there must be no serial correlated disturbances across equa- 
tions. 6/ 


The time period 1948 to 1978 was selected for analysis, resulting 
in 31 observations; data from 1947 to 1977 were utilized for the 
lagged specifications. Data necessary to estimate the param- 
eters for the food commodity budget share equations include per 
capita expenditures, prices, and per capita food consumption. 


Four commodity groups were used in the analysis: meats, fruits 

and vegetables, cereals and bakery products, and miscellaneous 
foods. 7/ Consumer expenditures for domestic farm food products 
bought by U.S. civilians were obtained from the U.S. Department 
of Agriculture (USDA) (1968, 1979, 1981). These food expenditure 
data are available for seven commodity groups: meat products, 
poultry and eggs, dairy products, fruits and vegetables, grain 
mill products, bakery products, and other food products. Expendi- 
tures on nonalcoholic and alcoholic beverages, as well as fish and 
imported foods, are excluded from this data. For estimation 
purposes, these data were adjusted and aggregated into the four 
commodity groupings. 8/ 


~ 67 See Berndt and Savin (1975). 

7/ The adjustments and group selections follow the approach 
utilized by Manser (1976) and Christensen et al. (1975b). Con- 
sideration was given to the number of parameters in the esti- 
mated equations, as discussed in section III, in the number of 
commodity groups selected. Data used in the analysis are 
presented in Blanciforti (1982). 

8/ The analysis assumes the consumer allocates total expendi- 
tures in two stages. Expenditures are allocated to food, a 
broad group of commodities, at the first stage, and food expend- 
itures are allocated to the subgroup commodities (meats, fruits 
and vegetables, cereals and bakery products, and miscellaneous 
foods) at the second stage. Weak separability in the first 
stage is both necessary and sufficient for the second stage of 
two-stage budgeting. Thus, decisions at each stage can be 
thought of as corresponding to a utility maximization problem of 
its own. (See Deaton and Muellbauer, 1980b, pp. 122-124.) The 
focus of this study is the second stage of the decisionmaking 
and not the separability issue per se. However, a way to deter 
mine the relationship of the food group expenditure elasticities 
to total expenditure elasticity is discussed below, where strong 
separability is assumed to be in the first stage. 


THE RESULTS 


Results for the 
Linear Approximate 


Case 


The meats series was adjusted to include fish and poultry. It 
contains expenditures for beef and veal, pork, fish, and poultry. 
Per capita quantity data for each of these meat items are avail- 
able in USDA (1968, 1981). Consumer price indexes, originally 
published by the U.S. Bureau of Labor Statistics (USBLS) and 
available in USDA (1968, 1979, 1981), corresponding to the four 
categories were converted to a 1972 base period. Constant 
dollar expenditures for the entire meats group were obtained by 
multiplying the quantity per capita for each meat item by its 
1972 consumer price index. Quantity indexes for the aggregate 
meats group equivalent to the total constant dollar expenditure 
were used to represent aggregate quantity. The implicit price 
deflator used to represent aggregate price for the meats group 
was defined by current dollar expenditure divided by constant 
dollar expenditure. Population data used for per capita speci- 
fications were for midyear (July 1) U.S. resident civilian 
population from the U.S. Department of Commerce (various issues). 


Expenditures for fruits and vegetables were taken directly from 
table 111 (USDA, 1968) for the years prior to 1960 and from 


table 88 (USDA, 1981) for 1960 and the years thereafter. The 
cereals and bakery products expenditures are the sum of the 
bakery goods and grain mill products series from the same USDA 
sources. In both the fruits and vegetables and cereals and bak- 
ery products categories, imports are a very small, almost negli- 
gible component, and were omitted. USBLS consumer price indexes 
were utilized for the price variable for these two series. 


Miscellaneous foods contained the expenditure series for dairy 
products and other foods from the USDA (1968, 1931) consumer 
expenditure series plus expenditures for eggs (not included in 
the meat group) and sugar imports (a major import item). The 
data for these latter two series were obtained by following a 
procedure similar to that discussed above for meats. 


The addition of expenditures on fish and sugar imports is an 
attempt to reconcile the USDA series with the commonly used U.S. 
Department of Commerce (USDC) personal consumption expenditure 
series on food consumption. The USDC series is available for 
major types of food, such as food at home and food away from 
home, but is not available for the categories of interest-- 
namely, meats, fruits and vegetables, etc. Admittedly, this 
reconciliation is somewhat arbitrary but makes the best use of 
the available data. The USDC series (aggregating food at home 
and food away from home), the USDA series (the total of their 
seven commodity groups), and the present aggregate series ( the 
sum of the four commodity groups utilized in this study) are 
presented for comparison in table 1. 


The OLS estimates of equation (6'), the linear approximate AIDS,’ 
without and with habit formation, using the Stone index and not 
incorporating any constraints on the parameters are presented 

in tables 2 and 5. For the static linear approximate AIDS 
(table 2), the estimates of 8 classify meats as a relative 


luxury good and the rest of the commodities as relative necessi- 
ties. 9/ Three out of the sixteen Y coefficients are signifi- 
cantly different from zero. Own-price elasticities are all less 
than one in absolute value, indicating that the price elasticity 
of demand is inelastic. LY44 represents the total effect on 


the i-th budget share of a percentage change in all prices and 
total food expenditure. Under homogeneity, this total effect 
would be zero. Hence, a proportional increase in prices and 
total food expenditure will increase expenditure on meats and 
fruits and vegetables, decrease expenditure on miscellaneous 
foods, and leave cereals and bakery products essentially 
unchanged. 


Tables 3 and 6 present the OLS parameter estimates for the lin- 
ear approximate AIDS when homogeneity (245 = 0 jis imposed, 


J 
without and with habit formation, respectively. In this case, 
equations (6) and (6') by substitution of this restriction 
become: 


n-1 
wy = 44 + ) Yq3log (pj/pn) + 84 log (¥/P) (18) 
age 
and 
# 
Winn etiak ee Y4; 108 (p;/P,) taht log (y/Ex)< GE:3D) 
aot 


In table 3, meats and fruits and vegetables are classified as 
relative luxury goods while cereals and bakery products and mis- 
cellaneous foods are classified as relative necessities. With 
the imposition of homogeneity on the static linear approximate 
AIDS an F-test comparing the residual sum of squares of equation 
(6') and (18') can be made. Referring to table 4, the first 
column gives an F-test for the validity of the homogeneity 
restriction for each equation of the static model. 10/ F = 4.24 
is the critical value at the 5-percent level of significance. 
Homogeneity is rejected for meats and miscellaneous foods. For 
every commodity group where homogeneity is considered unaccept- 
able by the F-value, its imposition leads to a sharp drop in the 
Durbin-Watson statistic. The implication is that the imposition 
of homogeneity generates positive serial correlation in the 
residuals. This suggests that the incorporation of habit forma- 
tion in the static model and an analysis of autocorrelation 
should improve the estimates. 


9/7 Economists commonly classify commodities as necessities and 
luxuries on the basis of income elasticity. An income 
elasticity greater than one indicates the commodity is more or 
less a luxury and an income elasticity less than one indicates 
the commodity is a necessity. Since aggregate expenditure is 
used interchangeably with income and since 8 reflects food 
expenditure and not total expenditure, meat is a luxury good 
relative to food expenditure and not all expenditure. 

10/ In table 2, the t-values for ZY ij are the square roots 
of the F-values in table 4. j 


Table 1--Personal consumption expenditures for food: 
U.S. Department of Commerce (USDC), 
U.S. Department of Agriculture (USDA), 
and present estimates 


Year : USDC : USDA : Present 


Million dollars 


1947 : 40142 41937 44544 


1948 : 42717 44805 47548 
1949 : 41730 43371 46601 
1950 : 42998 43992 47192 
1951 : 48323 49252 52428 
1952 : 50835 50932 54692 
1953 : 51918 51013 55104 
1954 : 53376 51140 54776 
1955 : 55218 53127 56659 
1956 : 57758 55548 58903 
1957 : 61281 58293 61266 
1958 : 63977 60994 64331 
1959 : 66301 63118 66354 
1960 : 68133 66881 69153 
1961 : 70034 68672 70719 
1962 : 71630 sty, 73436 
1963 : 73535 74044 76189 
1964 : 77978 77504 78613 
1965 : 83510 81114 82135 
1966 : 90042 86923 87827 
1967 : 92301 91620 91069 
1968 : 99982 96789 96223 
1969 : 106795 102623 102362 
1970 : 115827 110590 109820 
Lo 7 Laie: 119328 114627 113434 
1972 : 127811 F22192 121200 
1973 : 143567 138817 139621 
1974 ° 163007 154617 160264 
1975 : 180493 167020 173671 
1976 ; 195623 183301 183224 
1977 ° 212877 192298 190361 


1978 . 235168 215961 213513 
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Table 4--Homogeneity test results for the linear approximate 
almost ideal demand system 


Static F-value : Dynamic F-value 
Food group (i) : criterion: ‘| criterion: 
* PCL, 25)P see 4): F(1,24) -=-4.76 


Meats (Ges a/17.40 a/4.49 


Fruits and vegetables (2) : 2.43 ay Al 
Cereals and bakery : 

products 3m: -01 15 
Miscellaneous foods (WASP get a/24.78 a/il. i 


a/ Indicates rejection of the homogeneity hypothesis. 


The results of the linear approximate AIDS with habit formation 
are shown in table 5. Meats are again classified as a relative 
luxury good and 6 out of the 16 y coefficients are significantly 
different from zero. The change in the budget share correspond- 
ing to a change in lagged consumption is a small positive amount 
implying that habits have a positive effect on the budget share. 
All but the cereals and bakery products habit parameter are 
significantly different from zero. The price elasticity of 
demand is inelastic for the four groups. And, a proportional 
increase in prices and total food expenditure will increase 
expenditure on fruits and vegetables and decrease expenditure on 
the other three groups. 


Table 6 shows the imposition of homogeneity on the linear approx- 
imate AIDS with habit formation results in meats as a relative 
luxury good and fruits and vegetables and cereals and bakery 
products as relative necessities. The habit parameter has a 
small positive effect on the budget share in every case. And, 
all but the cereals and bakery product habit parameter are 
significantly different from zero. 


In the final column of table 4, homogeneity is again rejected for 
meats and miscellaneous foods. Notice that the Durbin-Watson 
statistic for these two categories does not change as it did 
before habit formation was imposed. The implication is that the 
inclusion of the habit formation parameter when homogeneity is 
imposed does not generate positive serial correlation in the 
residuals as it did in the static case. This is due to the fact 
that the habit parameter was an omitted variable in the static 
model. 
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The Full Informa- Application of demand properties implies restrictions on the 


tion Maximum parameters of the AIDS equation. To summarize, the restrictions 
Likelihood (FIML) are: 
Results 

i i i 

LY4j = 0 (20) 

j 

ibe Ge (21) 


the adding-up, homogeneity, and Slutsky symmetry properties, 
respectively. When these three properties hold, the AIDS repre- 
sents a system of demand functions that aggregate to total 
expenditure (Zw; = 1), are homogeneous of degree zero in 

prices and total expenditure, and satisfy Slutsky symmetry. 
Tables 7 and 8 present the estimates of equations (15) and (16), 
the static AIDS, and the AIDS with habit formation, using FIML 
techniques. The FIML technique applied to the AIDS captures the 
correlation between equations as opposed to the OLS estimation 
of the linear approximate AIDS where each equation is treated 
separately. 


Table 7 shows the AIDS estimates. The 8 coefficients classify 
meats and fruits and vegetables as relative luxuries and cereals 
and bakery products and miscellaneous foods as relative necessi- 
ties. Four out of the 16 y coefficients are significantly 
different from zero. One of the y's, Y¥340" VYA3 9018 very close 
to zero and could probably be eliminated from the system. The 
own-price elasticities are all less than one in absolute value, 
indicating that the price elasticity of demand is inelastic. 


Table 8 contains the FIML results for the AIDS with habit forma- 
tion. Meats and miscellaneous foods are classified as relative 
luxury goods; fruits and vegetables and cereals and bakery prod- 
ucts are relative necessities. Again, own-price elasticities. 
imply inelastic demand. The habit coefficient has a positive 
effect for all but the miscellaneous food category. The habit 
parameter is significantly different from zero for all but the 
cereals and bakery products group. 


The static AIDS with autocorrelation (table 9) classifies all 
but cereal and bakery products as relative luxury goods and 
own-price elasticities as inelastic. The autocorrelation param- 
eter is 0.907 and is significantly different from zero. 


With habit formation and autocorrelation (table 10), miscellan- 
eous foods is the only relative luxury good, and its own-price 
elasticity is elastic. The autocorrelation parameter is again 
strong at 0.985 and is significantly different from zero. 


To test for habit effects, the likelihood ratio test is used 
where A = max L/max L. That is, the \ statistic is the ratio 
wW n 


of the maximum value of the likelihood function (max L) with 
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restrictions (w) to the maximum value of the likelihood func- 
tion, no restrictions (n) are present. The likelihood ratio 
test statistic may be written in terms of the log likelihood 
function LL as: 


-2 In A = 2(max LL - max LL) = 2(1n|2Z,|-1n| Zy|) (22) 
nN W 


can be shown under the null hypothesis to be distributed asymp- 
totically as x2 with the number of degrees of freedom equal 

to the number of restrictions to be tested and where 24, is 

the restricted estimator of the covariance matrix and 2, is 
the unrestricted estimator. 11/ The null hypothesis for no 
habit effects is Hj: dy, = 0. The static AIDS, equation (15), 
is a restricted form, dy = 0, of the linear habit formation 
model, equation (16). Table 11 presents the appropriate chi- 
square test statistics and the critical chi-square values at 
the 99-percent confidence level. Referring to table 11, the 
computed value of -2 ln 4 is larger than the critical Kenge 3 
value. Thus, the null hypothesis is rejected and habit forma- 
tion is present. 


Equations (15) and (16) were estimated with the incorporation of 
equation (17) to account for autocorrelation. The results are 
shown in tables 9 and 10. 


Table 1l--Test statistics for alternative restrictions on the 
almost ideal demand system 





Degree of : : 
Restriction : freedom $ x2 : ae 
Habits $ 3 42.63 12.84 
Autocorrelation: 
Static 2 1 54.75 7.88 
Dynamic : 1 2.38 7.88 
Habits and ‘ 4 64.46 14.86 


autocorrelation ; 


e 
e 
a 


As shown in table 1l, test for autocorrelation in both the 
static AIDS and the AIDS with habit formation a likelihood 


ratio test with one degree of freedom can be used. This is 
equivalent to an asymptotic t-test. Both of these cases result 
in rejection of the hypothesis that the autocorrelation param- 
eter is equal to zero. This implies that autocorrelation is 


11/ See pp. 396-397 of Theil (1971). 
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Total 
Expenditure 


Elasticities 


CONCLUS ION 


present. Finally, a likelihood ratio test of the most simple 
model with no habit formation and no autocorrelation versus the 
most general model with habit formation and with autocorrelation 
also rejects the hypothesis that habits and autocorrelation are 
equal to zero. The calculated -2 1n A = 64.46 and the criterion 
value is x Os .g0r 14.9. There are four restrictions since 
there are Pres habit parameters (one is deleted for the adding- 
up condition) and one autocorrelation parameter. This implies 
that both habit formation and autocorrelation are present. 


Elasticities are generated using equations (7) to (9) for the 
linear approximate AIDS and equations (10) to (12) for the 
AIDS. All elasticities are calculated for the mean values of 
the budget shares and prices over the 1948 to 1978 period. 
The food expenditure elasticities give the elasticity of 
demand for the four food types with respect to total food 
expenditure. In order to obtain a rough estimate of the elas- 
ticity of demand with respect to total expenditure, the food 
expenditure elasticities must be multiplied by an estimate of 
the elasticity of demand for food with respect to total 
expenditure. 12/ 








That is: 
0q4¥ dqiY¢f oY fY 
n = = ee ee =e) ° (23) 
1Y iy. ‘WY 


where Y¢ is total food expenditure and Y is total expenditure, 
Nyy is the food expenditure elasticity, nyy is the total 
f 


expenditure elasticity, and ny y is the elasticity of food 
zr 


expenditure with respect to total expenditure. A positive 
value of ny y results in nyy having the same sign as nyy . 


Therefore, if a good is not inferior with respect to the total 
food expenditure elasticity, it will not be inferior with 
respect to total expenditure elasticity. Blanciforti (1982) 
estimates the average elasticity of food expenditure with 
respect to total expenditures for 1948 to 1978 to be 0.435 and 
0.591, respectively, based on the static and dynamic linear 
expenditure systems in budget share form. Applying this to 
the conditional elasticities implies that the four food types 
are necessities with respect to total expenditure (they range 
from a low value of 0.16 to a high value of 0.96). That is, 
the demand for these food items is expenditure inelastic. 


In this paper, alternative versions of the AIDS, a theoretically 
based demand system, have been investigated with an application 
to four food commodity groups for the United States for the 
period 1948 to 1978. Expenditure and price elasticities were 
calculated using the parameter estimates of these systems. 


12/ See p. 887 of Manser (1976). 
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F-values and likelihood ratio tests were used to test the vari- 
ous hypotheses. F-values for the linear approximate AIDS indi- 
cated that the incorporation of habit formation in the static 
model and an analysis of autocorrelation would improve the esti- 
mates. Habits were embodied by the introduction of a systematic 
change in one of the parameters. This embodiment enabled the 
utility maximization framework to remain intact, satisfied the 
theoretical properties pertaining to demand systems, and provid- 
ed a way to ascertain by what amount last period's consumption 
affected current consumption. The incorporation of habits in 
the linear approximate AIDS resulted in reduction in the serial 
correlation of the residuals. Likelihood ratio tests on the 
AIDS estimated by FIML indicated that habit formation and auto- 
correlation were present for the food items. The theoretical 
structure of the AIDS has proven to be both flexible and general 
in terms of application to this analysis of food demand. 
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